To be submitted to ApJL: DRAFT - August 23, 2012 

Preprint typeset using I^-T^X style cmulatcapj v. 5/2/11 



THERE ARE NO STARLESS MASSIVE PROTO-CLUSTERS IN THE FIRST QUADRANT OF THE GALAXY 
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ABSTRACT 

We search the A = 1.1 mm Bolocam Galactic Plane Survey for clumps containing sufficient mass to 
form ~ 10 4 M Q star clusters. 18 candidate massive proto-clusters are identified in the first Galactic 
quadrant outside of the central kiloparsec. This sample is complete to clumps with mass M c i ump > 
10 4 M and radius r < 2.5 pc. The overall Galactic massive cluster formation rate is CFR{ M c i ustcr > 
10 4 ) < 5 Myr -1 , which is in agreement with the rates inferred from Galactic open clusters and M31 
massive clusters. We find that all massive proto-clusters in the first quadrant are actively forming 
massive stars and place an upper limit of T star iess < 0.5 Myr on the lifetime of the starless phase of 
massive cluster formation. If massive clusters go through a starless phase with all of their mass in a 
single clump, the lifetime of this phase is very short. 

Subject headings: stars: formation — ISM: clouds — open clusters and associations: general - 
galaxies: star clusters: general 



1. INTRODUCTION 

The Milky Way contains about 150 Globular clusters 
(GCs) with masses of 10 4 to over 10 6 M and tens of 
thousands of open clusters containing from 100 to over 
10 stars. However, young massive clusters containing 
> 10 4 M,^ of stars are rare, with only a handful known 



(Portegies Zwart et al. 2010[) . While no GCs have formed 
in the Milky Way within the last 5 Gyr, open clusters 
that survive many crossing times continue to form. A few 
of these clusters have stellar masses greater than 10 4 M Q 
and therefore qualify as youn g massive clusters (YMCs; 



Portegies Zwart et al. 20101. YMCs must either form 
from clumps having masses greater than and sizes com- 
parable to the final cluster or be formed from a larger, 
more diffuse reservoir, in which case massive protocluster 



clump s may be rare or nonexistent (Kennicutt & Evans 
2012 1. 

Massive proto-clusters (MPCs) are massive clusters 
(M c i us tcr > 10 4 Mfp ) in the proces s of fo rming from a 



dense gas cloud. In Bressert et al. (2012), we examine 



the theoretical properties ot MPCs: MFCs are assumed 
to form from mas sive, cold starless clu mps analagous to 



pre-stellar cores (Williams et al. 20001). In this paper, 
we refer to two classes of objects: starless MPCs, which 
have very low luminosity and do not contain OB stars, 
and MPCs, which are gas-rich but have already formed 
OB stars. The only currently known starless MPC is 
GO. 253+0. 016, which lies within the dense central molec- 
ular zone and is subject to greater environmen tal stresses 
than simila r objects in the Galactic plane ( |Longmo"re| 
eFaLl[2012 ). 

Because massive clusters contain many massive stars, 
at some point during their evolution ionization pressure 
will prevail over protostellar outflows as the dominant 
feedback mechanism. Other sources of feedback are less 
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than io nization pressure up until the first supernova ex- 
plosion ( |Bressert et al.||2012[ ). These proto-clusters must 
have masses M c i U mp > M*/SFE or about 3 x 10 4 
M for an assumed SFE=30% (an upper limit on the 
star formation efficiency), confined in a radius r < 2.5 
pc, in order to remain bound against ionization feed- 
back. These properties motivate our search for proto- 
clusters in the Bolo cam Galactic Plane Survey (BGPS; 
|Aguirre et al. 201 ll |http : / / irsa . ipac . caltech . echi/| 
data/B0L0CAM_GPS/). 

The distinction between relatively short-lived 'open 
clusters' and long- lived (t > 1 Gyr) bound clust ers occurs 
at about 10 4 M ( |Portegies Zwart et al.|2010[ ). Clusters 
with Mduster < 1 x 1O 4 M will be destroyed by inter- 
actions with giant molecular clouds over the course of 
a few hun dred million years afte r they have dispersed 



20111), while clusters with 
may survive > 1 Gyr. Closer to the 



their gas (Kruijssen et al 
M cluste r > 10 4 M ( 
Galactic center, within approximately a kiloparsec, all 
clusters will be destroyed on shorter timescales by strong 
tidal forces or interactions with molecular clouds. 
In the Galaxy, there are fe w known massive clusters 



Portegies Zwart et al. (2010) catalogs a few of them, of 
which JNGC 36U3, Trumpler 14, and Westerlund 1 and 2 
are the likely descendants of the objects we investigate. 
These clusters have r e // < 1 pc, M ~ 10 M , and 
ages t < 4 Myr. We present a census of their ancestral 
analogs. 

2. OBSERVATIONS AND ANALYSIS 

2.1. The Bolocam Galactic Plane Survey 

The BGPS is a 1.1 mm survey of the first quadrant 
of the Galactic plane in the range —0.5 < b < 0.5 with 
resolution ~ 33" sensitiye to a maximum spatial scal e 
of ~ 120" ( |Aguirre et1dl2011| [Ginsburg et aL|in prep[ ). 
The BGPS 'Bolocat' vl.O catalog includes sources iden- 
tified by a watershed decomposition algorithm and flux 

4 We define a star formation efficiency SFE = 
M*, flna i/M gas 
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Fig. 1. — Plot of the massive proto-cluster (MPC) candidates overlaid on the Galactic plane. The green circle represents the galactic 
center, and the yellow is the Sun. A 15 kpc radius disc centered on the Galactic Center indicates the approximate extent of Galactic star 
formation. The white region indicates the coverage of the Bolocam Galactic Plane survey and our source selection limits based on distance 
and longitude. The inner cutoff (light grey) is the nearby incompleteness limit set by the Bolocam spatial filtering; the catalog includes 
sources but is incomplete in this region. The red dashed circle traces the solar circle. Blue filled circles represent initial candidates that 
passed the mass-cutoff criterion M(20K) > 10 4 Mq; red stars are those with M(20K) > 3 X 10 4 Mq. In the legend, M4 means mass in 
units of 10 4 M Q . 



and 



mea surements within apertu res of radius 20", 40" 
60" (Rosolowsky et a l l[2010| ). 

rPS tor candidate MPCs in the 1st 
5991 sources). The inner 6 de- 



We searched the BG1 
quadrant (6 < i < 90; 
grees of the Galaxy are excluded because physical con- 
ditions are si gnificantly different from those in the rest 
of the galaxy ( jYusef-Zadeh et al~|2009| ) and the BGPS is 
confusion-limited in that region. 

2.2. Source Selection & Completeness 
We identify a flux-limited sample by setting our search 



criteria to include all sources with M 



clump 



> 10 4 M n in 



a 20" radius out to 26 kpc, or a physical radius of 2.5 pc 
at that distance. The radius cutoff is motivated by com- 
pleteness and physical considerations: the cutoff of 26 
kpc includes the entire star forming disk in our targeted 
longitudes, and r = 2.5 pc corresponds to the radius at 
which a 3 x 10 4 M mass has an escape speed v esc = 10 
km s~ , i.e. ionized gas will be bound. The maximum 
radius and minimum mass imply a minimum mean den- 
sity n = 6 x 10 3 cm' 3 , which implies a maximum free-fall 
time tff < 0.65 Myr. 

Using the Bolocat vl.O catalog, we first set a flux limit 
on the sample by assuming the maximum distance of d = 
26 kpc and imposing a mass cutoff of M c i ump > 10 4 M 
inside a 20" (2.5 pc) radiu s aperture. Following equation 



19 in Aguirre et al. (2011) 



Ma 



14.3 (e 13 °/ Td - l) 



D 



S v 

1 Jy J \1 kpc 



Mr. 



and assuming T< 



dust 



20K, the implied flux cutoff is 



1.13 Jy[f] above which 456 'flux-cutoff' candidates were 
selected in the Bolocat vl.O catalog. Cutoffs of 4.3 Jy for 
the 40" and 10.2 Jy for the 60" Bolocat vl.O apertures 
were used to select more nearby candidates inside the 
same physical radius, but no sources were selected based 
on these larger apertures. 
The BGPS is insensiti ve to scales larger than 120" 



(Ginsburg et al. in prepj^ As a result, the survey is 



incomplete below a distance 



8.7 



^cluster 

2.5pc 



kpc 



from the 
must be 

^cluster ^ 

D < 8.7 



alternate methods 
total mass within 



Sun. Within this radius, 
sought to determine the 
2.5 pc. Although the sample is incomplete for 
kpc, sources that have sufficient mass despite 
the 120" spatial filtering are included. 

Distances to BGPS-selected candidates were deter- 
mined primarily via literature search. Where distances 
were unavailable, we use d velocity measurements from 



Schlingman et al. (20111 and assumed the far distance 
for source selection. We then resolved the kinematic dis- 
tance ambiguity towards these sources by searching for 
associated near-infr ared stellar extinct ion features from 
the UKIDSS GPS (Lucas et al.||2008b. Most literature 



distances were determined using a rotation curve model 



As per [Rosolowsky et al.| ( |2010| , Aguirre et al. | ( |201lfr , and 



|Ginsburg et al.| ( |in prepp , a factor ot 1.5 calibration correction and 
1.4b aperture correction are required for the 20" radius aperture 
fluxes reported in the catalog. These factors have been applied to 
the data. 



Ginsburg et al. (in prep I presents v2.0 of the BGPS 
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and some method of kinematic distance ambiguity res- 
olution. Because the literature used different rotation 
curve models, there is a ~ 10% systematic error in dis- 
tance resulting in a ~ 20% systematic error in mass. We 
used the larger 40" radius apertures to determine the flux 
for sources at D < 13.0 kpc and 60" radius apertures for 
sources at D < 8.7 kpc (corresponding to r < 2.5 pc). 

The masses were computed assuming a temperature 
Tdust = 20K, opacity n 9 7 \ ^r,H^ = 0.0114 cm 2 ^" 1 , and 

The 



2011) 



gas-to-dust ratio of 100 ( jAguirre et al. 
mass estimate drops by a factor ot 2.38 it the temperature 
assumed is doubled to T dust = 40K. 



Ginsburg et al. (2011) notes that significant free-free 
contamination, as nigh as 80%, is possible for some 1.1 
mm sources, so the selected candidates may prove to 
be more moderate-mass and evolved proto-cluste rs. We 
used the NRAO VLA Archive Survey (NVAS; |Cross- 



ley et al. 2008) to estimate the free-free contamina- 
tion for the sample. For most sources, the free-free 
contamination inferred from the VLA observations is 
small (< 20%), but for a subset the contamination was 
~ 20 — 35% assuming that the free-free emission is opti- 
cally thin. Corrected masses using the measured free-free 
contamination and higher dust temperatures are listed 
in Table [I] these are reasonable lower limits on the total 
mass of these regions. All of the contamination estimates 
are technically lower limits both because of the assump- 
tion that the free-free emission is optically thin and be- 
cause the VLA filters out large-scale flux. However, in 
most cases, the emission is likely to be dominated by 
optically thin emission (evolved HII regions tend to be 
optically thin and bright, while com pact HII re gions are 
optically thick but relatively faint; Keto 2002) and for 



most sources VLA C or D-array observations were used, 
and at 3.6 and 6 cm the largest angular scale recovered 
is 180-300 ", greater than the largest angular scale in the 
BGPS. 

Applying a cutoff of M c i ump > 10 4 M left 18 pro- 
tocluster candidates out of the original 456. The more 
stringent cut M c i ump > 10 4 /SFE « 3 x 10 4 M leaves 
only 3 MPCs . 

The final candidate list contains only sources with 
M(20K) > 10 4 M Q (the completeness limit; see Table [l}. 
The table lists their physical properties, their literature 
distance, their mass (assuming Tdust = 20 and iOK and 
a free-free subtracted lower-limit) , and their inferred es- 
cape speed (v esc = y/2GM{2QK)/r) assuming a radius 
equal to the aperture size at that distance. The table 
also includes measurements of the IRAS luminosity in 
the 60 and 100 /im bands within the source aperture. 

2.3. Source Separation 

These 18 candidates include some overlapping sources. 
There are two clumps in W51 separated by about 1.5 
pc and 4.5 km s" 1 along the line of sight that are each 
independently massive enough to be classified as MPCs, 
but are only discussed as a single entity because they 
are likely to merge if their three-dimensional separation 



7 Tdust = 20K is more appropriate for a typ ical pre-star-formini 
clump than an evolved HH-region hosting one punham et al.|2010 
e.g.). However, because we are interested in cold progenitors as weL 
as actively forming clusters, the selection is based on T^ust = 20K, 
which is more inclusive. 



is similar to their projected distance. The candidates 
in W49 are more widely separated, about 4.4 pc and 7 
km s _1 along the line of sight, but could still merge. 

Additionally, 9 of the 18 are within 8.7 kpc, so the 
mass estimates arc lower limits. These are promising 
candidates for follow-up, but cannot be considered com- 
plete for population studies. If our radius restriction is 
dropped to 1.5 pc, the minimum complete distance drops 
to 5.2 kpc and the three lowest-mass sources in Table [T] 
no longer qualify, but otherwise the source list remains 
unchanged. Our analysis is therefore robust to the selec- 
tion criteria used. 

3. RESULTS 

3.1. Cluster formation rate 

The massive clumps in TablefTlcan be used to constrain 
the Galactic formation rate of massive clusters (MCs) 
above 10 4 M Q if we assume that the number of observed 
proto-clusters is a representative sample. The region sur- 
veyed covers a fraction of the surface area of the Galaxy 
f observed = A survey / Acalaxy ~ 30% assuming the star 
forming disk has a radius of 15 kp<j^] The cumulative 
cluster formation rate above a cluster mass M c / is given 
by 

CFR{> M cl ) = N f MPC 

7~SF J observed 

where t$f ~ 2 Myr is the assumed cluster forma- 
tion timescale [^J With the measured Nmpc (M c i uste r > 
10 4 M Q ) = 3 proto-clusters, we infer a Galactic formation 
rate 

Myr' 1 



CFR < 5 



This cluster formation rate is statistically weak, with 
Poisson error of about 3.5 Myr -1 and ca n be improved 
with more complete surveys (e.g., Hi-Gal, Molinari et al. 
20101. This formation rate is an upper limit because all 
of the e stim ated masses are upper limits as discussed in 
Section [231 



3.2. Comparison to Clusters in Andromeda 
We use cluster observations in M31 from IVanseviciusI 



et al. (2009) to infer the massive cluster formation rate 



in M31. They observe 2 clusters with M c iusicr > 10 4 M e 
and ages < 10 Myr in 15% of the M31 star-forming 
disk. The implied cluster formation rate in Andromeda 
is N cl = V c/ /0.15/(10 Myr) w 1.3 Myr -1 . Given M31's 
total star formation rate ~ 5x lower than the Galac- 
tic rate (An dromeda M = 0.4, Milky Way M = 2 



Mo Myr" 1 ; Barmby et al. 2006 Chomiuk fc Povich 



2011[ ), the predicted Galactic cluster formation rate is 



N cl (MW) = 5 N d (M3l) = 6.5 Myr" 1 (assumin g the 



CFR scales linearly with the SFR; Bastian 2008). The 



scaled-up Andromeda cluster formation rate matches the 

8 The observed fraction of the galaxy changes to 21% if we only 
include the area within the solar circle as discussed in ij4] 

9 tsf, the time from the start of star formation until gas expul- 
sion, is a poorly understood quantity, but is reasonably constra ined 
to be > 1 Myr f rom the age spread in the Orion Nebula cluster l |Hil-| 
|lenbrand|1997| and < 10 Myr because the most massive stars will 
go supernova t>y that time. 
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observed Galactic cluster formation rate. The samples 
are small, but as a sanity check, the agreement is com- 
forting. 

3.3. Star Formation Activity 

In the sample of potential proto-clusters, all have 
formed massive stars based on a literature search and 
IRAS measurements. A few of the low mass sources, 
G012. 209-00.104, G012.627-00.016, G019.474+00.171, 
and G031.414+00.307 have relatively low IRAS luminosi- 
ties (Ljuas = Liao + L 60 < 10 5 L Q ) and little free- free 
emission. However, all are detected in the radio as H II 
regions (some ultracompact) and have luminosities indi- 
cating early-B type powering stars. 

Non-detection of 'starless' proto-cluster clumps implies 
an upper limit on the starless lifetime. For an assumed 
T s f ~ 2 Myr, the la upper limit on the starless proto-MC 
clump is T starless < (VN~i/N cl )T s f = 0.5 Myr assuming 
Poisson statistics and using all 18 sources. This limit is 
consistent with massive star formation on the clump free- 
fall timescale (17/ < 0.65 Myr). It implies that massive 
stars form rapidly when these large masses are condensed 
into cluster-scale regions and hints that massive stars are 
among the first to form in massive clusters. 

4. DISCUSSION 

Assuming a lower limit 30% SFE and T dust = 20K, 
3 candidates in Table [T] will become massive clusters 
like NGC 3603: G010.472+00.026, W51, and W49 
(G043. 169+00.01). Even if T dust = 40K, W49 is still 
likely to form a - 10 4 M MC, although G10.47 would 
be too small. W51, which is within the spatial-filtering 
incompleteness zone, passes the cutoff and is likely to 
form a pair of massive clusters. However, if the dust in 
W51 is warm and the free-free contamination is consid- 
ered, the total mass in each of the W51 clumps is below 
the 3 xlO 4 M cutoff. 

The BGPS covers about 30% of the Galactic star- 
forming disk in the range 1 kpc < R ga i < 15 kpc. We 
can extrapolate our 3 detections to predict that there 
are <10 (±6) proto-clusters in the Galaxy outside of the 
Galactic center. The agreement between the SFR-based 
prediction from M31 and our observations implies that 
we have selected genuine massive proto-clusters (MPCs). 

These most massive sources have escape speeds greater 
than the sound speed in ionized gas, indicating that they 
can continue to accrete gas even after the formation of 
massive stars. Assuming they are embedded in larger- 
scale gas reservoirs, we are measuring lower bounds on 
the 'final' clump plus cluster mass. 

All of the young massive proto-clusters candidates ob- 
served are within the solar circle despite our survey cov- 
ering more area outside of the solar circle. The outer ra- 
dius limit for massive cluster formation is consistent with 
th e observed metallici ty shift noted at the same radius 
by Lepine et al. (2011 ). They identify the solar circle as 
the corotation radius of pattern speed and orbits within 
the Galaxy (within this radius, stars orbit faster than 
the spiral pattern). The fact that this radius also repre- 
sents a cutoff between the inner, massive-cluster-forming 
disk and the outer, massive-cluster-free disk hints that 
gas crossing spiral arms may be the triggering mecha- 
nism for massive cluster formation. However, given the 



small numbers, the detected clusters are consistent with 
a gaussian + exponential d i sk dis tribution following that 



described by |Wolfire et al | ( |2003[ ). 
Future work should include a census for MPCs within 



D < 5 kpc using the Herschcl Hi-Gal survey (Molinari 
et al.|2010D and in th e Southern plane with ATLASGAL 
( |Schuller et al. 20091. Some surveys hav e already iden- 
tified proto-clusters m these regions (e.g. Faiindez et al. 
2004 Battersby et al.pOll ), but they are not complete. 
A complete survey of distances will be essential for con- 
tinuum surveys to be used. 

There are two modes of massive cluster formation con- 
sistent with our observations that can be observationally 
distinguished. Either a compact starless massive proto- 
cluster phase does occur and is short, or the mass to 
be included in the cluster is accumulated from larger 
volumes over longer timescales. Extending our proto- 
cluster survey to the Southern sky, e.g. using the AT- 
LASGAL and Hi-Gal surveys, will either discover star- 
less MPCs or strengthen the arguments that there is no 
starless MPC phase. If instead massive clusters form 
by large scale (r > 2.5 pc) accretion, substantial reser- 
voirs of gas should surround these most massive regions 
and be flowing into them. Signatures of this accretion 
process should be visible: MPCs should contain molecu- 
lar filamentary structures feeding into their centers (e.g. 



Correnti et al. 2012 Hennemann et al. 2012 Liu et al 



2012[ ). Alternatively, lower mass clump s may merge to 



form massive clusters ( |Fujii et al. 2012), in which case 
clusters of clumps - which should be detectable in extant 
galactic plane surveys - are the likely precursors to mas- 
sive clusters. Finally, massive clusters may form from the 
global collapse of structures on scales larger than we have 
probed, which could also produce clusters of clumps. 

5. CONCLUSIONS 

Using the BGPS, we have performed the first flux- 
limited census of massive proto-cluster candidates. We 
found 18 candidates that will be part of the next gen- 
eration of open clusters and 3 that could form massive 
clusters similar to NGC 3603 (M c i ust0 r > 10 4 M ). We 
have measured a Galactic massive cluster formation rate 
CFR(M clusteT > 10 4 ) < 5 Myr" 1 assuming that clusters 
are equally likely to form everywhere within the range 
1 kpc < Rgai < 15 kpc. The observed MPC counts are 
consistent with observed cluster counts in Andromeda 
scaled up by SFRM31/ 'SFRmw assuming a formation 
timescale of 2 Myr. 

Despite this survey being the first sensitive to pre-star- 
forming MPC clumps, none were detected. This lack 
of detected pre-star-forming MPCs suggests a timescale 
upper limit of about T s t a riess < 0.5 Myr for the pre- 
massive-star phase of massive cluster formation, and 
hints that massive clusters may never form highly con- 
densed clumps (n > 10 4 cm" 3 ) prior to forming massive 
stars. It leaves open the possibility that massive clusters 
form from large-scale (> 10 pc) accretion onto smaller 
clumps over a prolonged (r > 2 Myr) star formation 
timescale. 

Observations are needed to distinguish competing 
models for MC formation: Birth from isolated massive 
proto-cluster clumps, either compact and rapid or dif- 
fuse and slow, or from smaller clumps that never have 
a mass as large as the final cluster mass. This sample 
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TABLE 1 

Massive Protocluster Candidates detected in the Bolocam Galactic Plane Survey with M > 10 4 M Q 



Name 


Common 


Distance 


M(20K) 


M(40K) 


a M(min) 


Radius 


ri(H 2 ) 




b fff 


L(IRAS) 




Name 


kpc 


1000M o 


1OOOM 


1OOOM 


pc 


10 4 cm" 3 


km s _1 




1O 5 L 


G010. 472+00. 026 


G10.47 


10. 8 7 


38 


16 


16 


2.1 


1.4 


12.7 


0.01 


5.0 


G012. 209-00. 104 




13. 5 7 


14 


6 


5 


1.3 


2.3 


9.9 


0.05 


0.61 


G012. 627-00. 016 




12. 8 9 


10 


4 


3 


2.5 


0.2 


5.9 


0.05 


0.59 


G012. 809-00. 200 


W33 


3.6 7 


12 


5 


3 


1.0 


3.8 


10.2 


0.32 


3.0 


G019.474+00.171 




14.1 12 


11 


4 


4 


1.4 


1.6 


8.6 


0.02 


0.26 


G019. 609-00. 233 


G19.6 


12. 7 


26 


11 


7 


2.3 


0.7 


10.0 


0.31 


6.4 


G020. 082-00. 135 


IR18253 


12. 6 10 


13 


5 


4 


2.4 


0.3 


6.8 


0.14 


2.8 


G024. 791+00. 083 


G24.78 


7.7 11 


14 


6 


5 


2.2 


0.4 


7.4 


0.11 


1.5 


G029. 955-00. 018 




7.4 3 


10 


4 


2 


2.2 


0.3 


6.4 


0.34 


5.3 


G030. 704-00. 067 


W43b 


5.1 6 


11 


4 


4 


1.5 


1.1 


8.0 


0.11 


1.0 


G030. 820-00. 055 


W43a 


5.1 10 


11 


4 


4 


1.5 


1.2 


8.1 


0.13 


1.9 


G031. 414+00. 307 


G31.41 


7.9 2 


18 


7 


7 


2.3 


0.5 


8.3 


0.05 


0.8 


G032. 798+00. 193 


G32.80 


12. 9 1 


22 


9 


7 


2.5 


0.5 


8.9 


0.27 


6.9 


G034. 258+00. 154 


G34 


3.6 4 


13 


5 


4 


1.0 


4 


10.5 


0.12 


2.7 


G043. 164-00.031 


W49 


11. 4 5 


24 


10 


6 


2.2 


0.7 


9.7 


0.38 


9.9 


G043. 169+00.009 


W49 


11. 4 5 


120 


52 


39 


2.2 


4 


22.2 


0.25 


16.0 


G049. 489-00. 370 


W51IRS2 


5.4 s 


48 


20 


14 


1.6 


4.3 


16.2 


0.27 


4.5 


G049. 489-00. 386 


W51MAIN 


5.4 s 


52 


22 


15 


1.6 


4.7 


17.0 


0.29 


4.7 



1: |Araya et al~| ||2002|l , 2: |Churchwell et al.|l|1990t, 3: |Fish et al~1l|2003 



8: ISato et ai.|fl2010|, 9: Sewilo 



et al.| l |2M4p ir 



Urquhart et al. I 12< 

was determined using the near kinematic distance from the velocity 

likely mass, M min = (1 - ff f )M(40K). h : The fraction of flux from free- free emission (as opposed to dust emission) at A — 1.1 mm 



33l, 4: IGinsburg et al. 1 120111, 5: IGwinn et al.Nl992t, 7: |Pi 
JTSj, 11: [Vis et al.HiMM 12: E?u~et al )<iiW|. feT^he 
oi the HHT-observed HCO+ line i j^cTm^ignian" et al.|2011 



Pandian et a.1. | l |2008t > , 
istances to G030.704 
The minimum 



of the 18 most massive proto-cluster clumps in the first 
quadrant (where they can be observed by both the VLA 
and ALMA) presents an ideal starting point for these 
observations. 
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